made recommendations regarding the standardization of pathology reporting of radical prostatectomy specimens. Issues relating to extraprostatic extension (pT3a disease), bladder neck invasion, lymphovascular invasion and the definition of pT4 were coordinated by working group 3. It was agreed that prostate cancer can be categorized as pT3a in the absence of adipose tissue involvement when cancer bulges beyond the contour of the gland or beyond the condensed smooth muscle of the prostate at posterior and posterolateral sites. Extraprostatic extension can also be identified anteriorly. It was agreed that the location of extraprostatic extension should be reported. Although there was consensus that the amount of extraprostatic extension should be quantitated, there was no agreement as to which method of quantitation should be employed. There was overwhelming consensus that microscopic urinary bladder neck invasion by carcinoma should be reported as stage pT3a and that lymphovascular invasion by carcinoma should be reported. It is recommended that these elements are considered in the development of practice guidelines and in the daily practice of urological surgical pathology.
Extraprostatic extension is a well-established adverse prognostic factor for prostate carcinoma, [1] [2] [3] [4] [5] and accurate identification of this feature is required for optimal patient management after radical prostatectomy. [1] [2] [3] [4] Despite this, disagreement exists as to what features define extraprostatic extension, especially at the prostatic apex and bladder neck. 5, 6 Although infiltration of the urinary bladder and rectum by prostatic adenocarcinoma is associated with a poor outcome, there is debate as to the appropriate staging category that should be applied and specifically whether tumor involvement of the urinary bladder should be categorized as pT4 or M1 disease. Similarly, the independent prognostic significance of microscopic invasion of the bladder neck by prostate cancer has recently been questioned. 7 Lymphatic and vascular invasion are among the histological variables in radical prostatectomy specimens that the Association of Directors of Anatomic and Surgical Pathology and the College of American Pathologists recommend to be reported following microscopic examination of routinely stained sections. [8] [9] [10] Few studies have assessed the incidence and the prognostic impact of lymphovascular invasion and to date there are conflicting findings. [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] The prognostic importance of these several features was addressed by consensus conference participants.
Materials and methods
In order to identify the methods and practices most commonly employed by urological pathologists worldwide, a web-based survey on handling and reporting of radical prostatectomy specimens was distributed to 255 members of the International Society of Urological Pathology (ISUP).
ISUP Consensus Conference
The ISUP survey was followed up with a consensus conference held in conjunction with the 2009 Annual Scientific Meeting of the United States and Canadian Academy of Pathology held in Boston, Massachusetts. The aim was to obtain consensus relating to the handling, staging and reporting of radical prostatectomy specimens. Those who completed the electronic survey were invited to attend the consensus conference, which was held on March 8, 2009 . The detailed process related to the survey and consensus meeting are reported in an introductory paper. 21 Representatives from five working groups appointed to coordinate the consensus process presented background information and results from detailed literature reviews to the meeting. The survey results were then discussed with the objective of achieving agreement on controversial issues. Following this, a ballot was taken on a series of questions that were designed to address these controversial issues and an achievement of 65% agreement on voting was considered to be consensus. With a few exceptions, there was agreement between the survey results and the consensus conference results. The results of the individual working group reports related to specimen handling, T2 substaging, seminal vesicle and lymph node involvement, and margin status are reported separately. [22] [23] [24] [25] Many recommendations of this consensus conference have already been incorporated into international guidelines, including the recent College of American Pathologists protocol and checklist for reporting adenocarcinoma of the prostate, and the structured reporting protocol for prostatic carcinoma from the Royal College of Pathologists of Australia. 26, 27 Results and discussion
Extraprostatic Extension (pT3a)
The tumor, lymph node and metastasis (TNM) staging system for prostate cancer defines pT3a as extension of tumor into periprostatic soft tissue. Extraprostatic extension is the preferred terminology and should be used in favor of ambiguous terms such as capsular penetration, capsular invasion or capsular perforation. 8, 28 Extraprostatic extension is most simply defined as the presence of tumor beyond the confines of the prostate and criteria exist to guide pathologists in its recognition. 28, 29 This definition is, however, somewhat oversimplified as the prostate does not possess a true histological capsule 30 and it can be challenging for pathologists to identify the boundary of the gland. This is particularly true when tumor at the periphery is associated with a desmoplastic reaction. 29, 31 It, therefore, follows that the diagnosis of extraprostatic extension can be made in several different situations 29 and varying diagnostic criteria for extraprostatic extension will apply in different regions of the prostate. In the posterior, posterolateral and lateral aspects of the gland, tumor admixed with periprostatic fat is the most easily recognized manifestation of extraprostatic extension (Figures 1a-c) . Tumor in fat is almost always a feature of extraprostatic extension by prostate cancer; however, pathologists should be aware that intraprostatic fat has been identified, although only rarely (1% of radical prostatectomy specimens) by some investigators and not at all by others. 32, 33 Although more likely to be problematic in prostate biopsies, intraprostatic fat could potentially give rise to a false-positive diagnosis of extraprostatic extension in radical prostatectomy specimens as well. Extraprostatic extension in the posterolateral area can be diagnosed when tumor is identified within loose connective tissue or perineural spaces of the neurovascular bundles, even in the absence of direct contact between tumor cells and adipocytes. It may also be recognized as a distinct tumor nodule within desmoplastic stroma that bulges beyond the normal contour of the gland. Pathologists who had faced this situation will typically track along the edge of the gland at low magnification, starting in a region without tumor, to confirm disruption of its normal rounded contour, before making a diagnosis of extraprostatic extension. 29 In the apex, anterior and bladder neck regions, there is a paucity of fat and the histological boundary of the prostate is poorly defined. Some pathologists feel that extraprostatic extension cannot be diagnosed in sections from the distal apical margin, whereas others diagnose extraprostatic extension at the apex when tumor touches an inked surgical margin, where benign glands have not been similarly cut across, 6, 30 or when malignant glands extend beyond the contour of the normal glandular prostate 6 ( Figure 1d ). Benign glands are frequently admixed with striated muscle in the apex (Figure 1e ), and it follows that finding malignant glands within striated muscle does not, itself, constitute extraprostatic extension in this location. 6, 29 The prostatic stroma in the anterior aspect blends in with extraprostatic smooth muscle, creating yet another challenge for the pathologist attempting to mark the boundary of the gland. Identifying prostate cancer beyond the contour of the normal glandular prostate has been suggested as the method for diagnosing extraprostatic extension at this location. 29 Data on interobserver variability among pathologists concerning the diagnosis of extraprostatic extension are limited. There are two separate reports based on comparing the results obtained by a single reviewer with those of a group of pathologists. 34, 35 Both these studies indicated that there is substantial variability between experienced reviewers and nonexperts. Ekici et al 34 conducted an intradepartmental study of 114 radical prostatectomy specimens and reported high interobserver variation for the diagnosis of extraprostatic extension between general pathologists and the experienced reviewer. Van der Kwast et al 35 reported similar findings from a single pathologist central review of 552 radical prostatectomy specimens in an EORTC trial. Evans et al 6 assessed interobserver variability for extraprostatic extension assessment among a group of 12 urological pathologists. In this study, a panel of three urological pathologists selected 30 slides that represented a spectrum of difficulty with respect to diagnosing extraprostatic extension. The panel selected sections that were thought to be clearly positive or negative for extraprostatic extension-as well as equivocal sections that the panel thought could possibly be interpreted either way. The participating pathologists were blinded as to the panel's designation of the slides, being either straightforward or equivocal for extraprostatic extension. There was excellent agreement for the unequivocal sections, with the overall level of agreement in the range reported for Gleason scoring by urological pathologists, [36] [37] [38] [39] whereas for the problematic sections only fair agreement was achieved. Problems with extraprostatic extension interpretation were noted to be related to the lack of a true prostatic histological capsule and the definition applied to the boundary of the prostate on a given section. 30 A major conclusion of this study was that robust interpretation of extraprostatic extension is not possible in certain situations.
Recognizing that more than 50% of patients with extraprostatic extension at radical prostatectomy do not show tumor progression over a 10-year followup period, 39 different methodologies have been suggested in order to quantify extraprostatic extension in a manner that will provide accurate prognostic information in terms of prostate-specific antigen (PSA) failure and cancer progression. It is important to recognize that no single method for quantitation of extraprostatic extension has emerged that is objective, practical and accurate in terms of its ability to predict PSA failure and disease progression. The 1992 TNM system divided extraprostatic extension into T3a and T3b subcategories based on a unilateral or bilateral involvement; however, subsequent studies found no difference in outcome between the two groups. [40] [41] [42] In 1993 Epstein et al 43 suggested that the extent of extraprostatic extension could be categorized as focal or established, where focal refers to the finding of a few neoplastic glands outside the prostate, and established extraprostatic extension to anything more than a few glands. Applying these criteria to 196 cases, this group found 8-year progression-free rates of 82 and 65% for the focal and established extraprostatic extension groups, respectively. In 1998 Wheeler et al 44 provided a more objective version of the focal versus established approach of Epstein. Tumor invading the periprostatic fat or bladder neck smooth muscle was subdivided into focal or established subgroups, where focal was defined as extraprostatic tumor occupying o1 high-power field on p2 separate sections and established as any extraprostatic extension that was more extensive than focal. Using this approach, Wheeler et al reported actuarial 5-year progression-free probabilities from 688 T1-2 NX M0 cases of 73 and 42% for the focal and established groups, respectively. Other methods of reporting the extent of extraprostatic extension include the greatest linear dimension, the radial dimension and even volumetric measurements of extraprostatic extension. 2, [45] [46] [47] [48] Most recently, Sung et al 49 investigated the relationship between radial extent of extraprostatic extension and PSA failure after radical prostatectomy. They used an ocular micrometer to measure the maximum distance that tumor protruded beyond the outer margin of the prostatic stroma in 83 radical prostatectomy specimens with extraprostatic extension. Their findings on the prognostic utility of radial distance were also systematically compared with seven other methods of quantifying extraprostatic extension. These approaches included the methods of Epstein et al 43 and Wheeler et al, 44 as well as counting the number of extraprostatic malignant glands, unilateral versus bilateral extraprostatic extension, unifocal versus multifocal extraprostatic extension, circumferential length of extraprostatic extension and total volume of extraprostatic extension as estimated by a grid method. Of all methods assessed, it was found that radial distance of extraprostatic extension was the only independent predictor of PSA recurrence in multivariate analysis. These authors concluded that the independent information provided by measuring radial distance of extraprostatic extension could potentially be incorporated into future TNM staging systems for substaging pT3a prostate cancer. They further noted that not all patients with extraprostatic extension will be accurately identified and that not all cases of extraprostatic extension can be subclassified in a straightforward manner, the main reasons being (1) the presence of a desmoplastic reaction, which can obscure the boundary between the prostate and its adjacent soft tissue, and (2) the lack of a prostatic capsule. As shown in the study by Evans et al, 6 both these factors will create appreciable interobserver variability with respect to the diagnosis of extraprostatic extension. It would seem intuitive that measuring the radial distance of extraprostatic extension 49 is a more objective method of quantitation than the focal versus established approach; 43 however, it must be recognized that the accuracy of any method is limited by the difficulty pathologists can encounter in identifying the boundary of the gland.
Extraprostatic extension from peripheral zone cancers is most commonly identified in the posterolateral aspect of the gland, in which tracking of tumor along perineural spaces has long been thought to represent the most common mechanism of spread. 50 Extraprostatic extension from transition zone cancers typically occurs by direct extension anteriorly without perineural invasion. 29 Although pathologists tend to report the location(s) of extraprostatic extension, there is no evidence that the location of this has prognostic significance or critical relevance with respect to additional therapy after radical prostatectomy.
Results of ISUP survey on extraprostatic extension
With respect to the recognition of extraprostatic extension, 90% of the respondents agreed that carcinoma adjacent to, or invading, adipose tissue is diagnostic of extraprostatic extension ( Table 1) . The survey respondents reported that they generally avoided diagnosing extraprostatic extension when carcinoma was present within a fibrous band bulging beyond the prostate parenchyma. Further, the survey indicated only moderate support for the idea that there is no reliable method to diagnose extraprostatic extension in sections from the apical margin. A clear majority of the respondents noted that they stratify the extent of extraprostatic extension as being focal/minimal or established/extensive. There was, however, no clear consensus as to the method of stratification, with 38% of respondents using the subjective criteria of Epstein 43 to identify focal or established extraprostatic extension. Another 29% indicated that their definitions of focal or established extraprostatic extension were purely subjective. Only 11% used the single highpower field method of Wheeler et al 44 and 24% of respondents measured the depth or radial distance of extraprostatic extension as suggested by Sung et al. 49 In cases in which extraprostatic extension is present, 97% respondents indicated that they reported the location and 78% reported the number of sites of extraprostatic extension, despite an apparent lack of clinical significance for the data.
Results of consensus meeting on extraprostatic extension During the consensus meeting, 93 and 82% of the voting delegates agreed that in the absence of fat involvement, extraprostatic extension can be identified (posterolaterally) when cancer bulges beyond the contour of the gland or beyond the condensed smooth muscle of the prostate, respectively (Table 1) . Scanning magnification should be used to look for a protuberance of tumor from the normal smooth contour of the prostate, followed by higher magnification to confirm the absence of condensed smooth muscle in the desmoplastic stroma. The apex and anterior aspects of the prostate remain problematic areas. In all, 62% of the pathologists who took the survey thought that there is not a reliable landmark at the apical margin of the prostate that can be used to definitively establish the presence of EPE at this site. However, 87% of the voting delegates agreed that extraprostatic extension can be identified anteriorly. Consensus was not achieved as to whether the diagnostic option of indeterminate for extraprostatic extension should be available in staging schemes. An overwhelming majority of the delegates supported the suggestion that extraprostatic extension should be quantitated. However, the delegates could not agree on what specific method should be used to classify extraprostatic extension as focal. The methods described by Wheeler and Epstein were supported by 13 and 20%, respectively. Subjective assessment, including these two methods, was used by 61% of delegates, whereas 41% used a quantitative assessment, such as the radial extent of extraprostatic extension in millimeters. Two delegates used both subjective and quantitative methods.
Pathologists faced with heavy workloads need to identify a method for quantifying extraprostatic extension that is practical and has at least some element of objectivity. On the basis of the survey, pathologists appear to prefer the subjective approach suggested by either Epstein et al 43 or Wheeler et al 44 over quantitative methods, and a slightly higher number of delegates seem to prefer Epstein's method over Wheeler's. It was agreed that any approach should have clinical relevance and would require validation by at least one large multicenter study, perhaps involving the simultaneous evaluation of a number of methods, although this was not specifically voted upon.
Microscopic Bladder Neck Invasion
In the 2002 AJCC TNM staging system, bladder neck invasion was designated as pT4 disease, whereas in the 2009 TNM scheme, microscopic bladder neck invasion was categorized as pT3a cancer. 7, 51, 52 In the past, prostate cancer with bladder neck invasion was considered as advanced disease, similar to external sphincter and/or rectal involvement, [53] [54] [55] based on the concept that tumors that invade surrounding structures are more aggressive and warrant higher staging than tumors that do not invade surrounding structures. 7 Considering that bladder neck-sparing techniques have been implemented in radical prostatectomy to improve postoperative urinary continence and that clinical stage pT4 prostate cancer is rarely treated surgically, this outdated staging system was based upon the finding of gross invasion of the bladder neck or external sphincter.
Currently most instances of bladder neck invasion are detected through the incidental finding of tumor Extraprostatic prostate cancer C Magi-Galluzzi et al cells among smooth muscle bundles of the bladder neck, 10 and the prognosis of this subset of patients seems to be different from that of men with rectal or striated sphincter muscle invasion. The latest College of American Pathologists practice protocol specifically states that 'microscopic involvement of bladder neck muscle fibers indicates pT3a disease.' 26 For categorization as pT4, gross invasion of the bladder neck is required.
Despite this dramatic stage migration, bladder neck invasion remains a significant finding, with a prevalence that ranges from 3 to 9% of reported series. [53] [54] [55] [56] [57] [58] [59] [60] Most studies 53, 54, [58] [59] [60] [61] have shown that bladder neck invasion carries a risk of progression similar to extraprostatic extension and lower than that of seminal vesicle invasion. This supports the concept that bladder neck invasion should be considered as pT3a disease, as these studies have shown that the prognosis of patients with bladder neck invasion is no worse than that for those with pT3 disease. [53] [54] [55] 57, [61] [62] [63] There is controversy as to whether microscopic bladder neck invasion remains an independent histological prognostic factor and predicts disease progression after radical prostatectomy. Some investigators have found that bladder neck invasion is associated with other well-established poor prognostic features such as higher Gleason score and serum PSA, extraprostatic extension, seminal vesicle invasion, positive surgical margins, positive lymph nodes and extensive tumor volume. [54] [55] [56] [57] 60 However, in multivariate models, bladder neck invasion was found not to be an independent predictor of PSA recurrence after radical prostatectomy, and prognosis was dependent on other pathological features.
In contrast, Poulos et al concluded that bladder neck invasion is an independent predictor of early PSA recurrence in patients undergoing radical prostatectomy, 59 although it should be noted that this series was hampered by a small number of cases, as well as a short follow-up interval (median 12 months).
The lack of a consistent sampling method for the bladder neck and of a pathological definition of bladder neck invasion in different studies complicates the accurate determination of prognostic significance of microscopic bladder neck invasion. 57, 58, [64] [65] [66] In most reported studies, the bladder neck was 'coned' from the radical prostatectomy specimen and cut in a perpendicular manner. 53, 59, 60 In a few studies, the base margin was taken en face, and margin positivity at this site was defined as bladder neck invasion. 57, 62 Microscopic bladder neck invasion has been defined as the presence of neoplastic cells within the smooth muscle bundles of the coned bladder neck 59, 60 or as the microscopic invasion of the muscular wall of the bladder neck by prostate cancer cells in the absence of benign prostatic glandular tissue in the section [53] [54] [55] (Figure 1f ). Yossepowitch et al 53 compared the prognosis of patients treated by radical prostatectomy, who had bladder neck invasion by tumor, with those with seminal vesicle invasion. They identified bladder neck invasion in 9% of their 286 cases and concluded that this carries a lower risk of progression than seminal vesicle invasion, although the study was limited by a small number of patients. Subsequently, the same group studied a larger cohort of patients (2571 radical prostatectomies) and detected bladder neck invasion in 3% of the cases. The authors also found that bladder neck invasion constituted a heterogeneous group of tumors with different pathological features and inconsistent outcome, and showed that, in a multivariate model, the finding of bladder neck invasion did not independently predict PSA recurrence. 54 Dash et al found bladder neck invasion, defined as margin positivity at the basal margin of the prostate taken en face, in 5% of 1123 men with clinically localized prostate cancer, treated by radical prostatectomy, The authors found a marked difference, on univariate analysis, in the PSA-recurrence rates for focal versus extensive invasion of the bladder neck margin, although they admitted that the distinction between focal and extensive was subjected to interpretation. However, in a multivariate model, the PSA recurrence risk with bladder neck invasion was not a significant independent prognostic factor. 57 In a recent multicenter study of 1722 men treated with radical prostatectomy, Buschemeyer et al 56 found a positive bladder neck margin in 5% of patients and this was associated with other poor prognostic features. When associated with other positive margins, a positive bladder neck margin had a risk of progression similar to that of seminal vesicle invasion (pT3b). Although men with an isolated bladder neck margin were reported to have a more favorable pathological profile, there were too few cases in the series to reliably assess outcome.
Microscopic bladder neck invasion was detected in 90 (5%) specimens included in a study by Zhou et al, 60 and in approximately half of the cases there was a positive surgical margin at the bladder neck. In 53% of the cases with bladder neck invasion, the prostate cancer predominantly involved the anterior zone. The radical prostatectomy specimens of patients with bladder neck invasion, defined as the presence of neoplastic cells within the coned bladder neck, were subcategorized into those with true bladder neck (70%) and false bladder neck (30%) invasion. The presence of malignant glands within thick smooth muscle bundles characteristic of the bladder neck, in the absence of intermixed benign prostatic glandular tissue, was considered true bladder neck invasion. In contrast, cases with malignant glands intermixed with benign prostatic glands were interpreted as surgical incision into the prostate gland close to the bladder neck and therefore regarded as false-positive bladder neck invasion. Univariate analysis indicated that both true bladder neck invasion and false-positive bladder neck invasion was significantly associated with an increased PSA-recurrence risk. However, in a multivariate model, controlling for initial PSA, extraprostatic extension, seminal vesicle invasion, lymph node involvement, Gleason score, tumor volume, and positive surgical margin, bladder neck invasion was found not to be a significant independent prognostic factor.
Results of ISUP survey on microscopic bladder neck invasion
The respondents reached consensus on reporting microscopic prostate cancer invasion of the bladder neck in radical prostatectomy specimens (Table 1) . However, only 57% distinguished between microscopic invasion of the detrusor muscle by prostate cancer and prostate cancer intermixed with benign prostatic glands at the bladder neck, and 37% and 23% considered microscopic invasion of the detrusor muscle by prostate cancer to be equivalent to pT3 or to pT4 stage, respectively. One-third (32%) of respondents considered prostate cancer intermixed with benign prostatic glands at the bladder neck to be equivalent to prostatic incision, with no impact on stage. When asked how they reported microscopic invasion of bladder neck by prostate cancer, 42% of the participants responded as pT3a, 30% as pT3, and 7% as pT3b. Only half of the pathologists reported the extent of microscopic invasion of the bladder neck; 81% distinguished between focal and extensive invasion and 16% measured the extent in millimeters. Two respondents (2%) used other methods. Of the survey respondents, 77% stated that they would record the presence of prostate cancer at the inked margin in sections from the bladder neck, and considered this to be a positive margin.
Results of ISUP consensus meeting on microscopic bladder neck invasion During the meeting, there was consensus that tumor involving the bladder neck, specifically defined as neoplastic cells within thick smooth muscle bundles, should be reported as pT3a (Table 1 ). The presence of prostate cancer glands intermixed with benign prostatic glands at the bladder neck was considered equivalent to capsular incision. It was recommended that, in accordance with the 2009 TNM system, 39 if tumor is present at the inked resection margin at the bladder neck, this should be stated in the report. There was consensus that the locations of positive margins should be noted as occurring on the left or right and posterior, posterolateral, lateral, anterior at either the apex, mid or base (or bladder neck). 25 
Lymphovascular Invasion
Lymphovascular invasion has been defined as the unequivocal presence of tumor cells within endothelial-lined spaces with no underlying muscular walls 12, 15, 18, 19 or as the presence of tumor emboli in small intraprostatic vessels 14 ( Figure 2a ), as most reports have suggested a predilection of tumor emboli for small vessels defined by their endothelial lining but with little or no underlying muscular wall. 16 In many studies, except two, 17, 67 no attempt has been made to distinguish between lymphatic and vascular channels because of the difficulties of differentiating between them on routine light microscopic examination 12, 14, [17] [18] [19] and as, for practical purposes, either lymphatic or venous involvement implies ultimate reach of tumor to the circulatory system. 10 If lymphovascular invasion is equivocal or tumor cells merely encroach on a vascular space, the finding is considered negative for lymphovascular invasion by most authors. 13, 15, 16, 18 Particular care should be taken to exclude artifacts due to retraction or mechanical displacement of tumor cells into a Extraprostatic prostate cancer C Magi-Galluzzi et al lumen by the scalpel blade (pseudoemboli), tumor within prostatic ducts and tumor within perineural spaces. 11, 13, 15 Although lymphovascular invasion is commonly reported on routine examination (H&E), immunoperoxidase staining using antibody to CD31 (panendothelial marker) or CD34 (blood vessel endothelial marker) has been used by some authors to identify the presence of endothelium, either in equivocal cases of lymphovascular invasion 11 or in cases with foci of lymphovascular invasion identified on routine stains. 15, 16 D2-40 (podoplanin) immunostaining (Figure 2b ) has been utilized to evaluated the distribution of lymphatic vessels in the prostate, and the presence of peritumoral lymphatic vessels invasion was found significantly associated with regional lymph node metastases. 68, 69 To determine how angiogenesis correlated with metastasis in prostate carcinoma, Weidner et al counted microvessels, highlighted by immunostaining of endothelial cells by factor VIII antigen, and reported that the mean microvessel count in tumors from patients with metastases was significantly higher than that for patients without metastasis. 70 The location and the number of tumor emboli have been recorded by some authors. Herman et al evaluated the presence of lymphovascular invasion within the prostatic parenchyma, the ejaculatory duct complex, the prostatic capsule, periprostatic fat or seminal vesicles, and found that in approximately half (53%) of the cases lymphovascular invasion occurred outside the prostatic stroma. 13 Baydar et al classified lymphovascular invasion as intratumoral (55%), at the periphery of the tumor (18%), both intra-and peritumoral (9%) and at a distant site from the tumor (18%). 11 The number of foci of lymphovascular invasion in each case has been shown to range from 1 to 40, with the majority of patients having 1 or 2 foci. 11, 13, 71 Lymphovascular invasion has been reported to be associated with adverse pathological features in radical prostatectomy specimens, 6 such as higher Gleason score, positive surgical margins, extraprostatic extension and seminal vesicle invasion, 12, 16, 18, [72] [73] [74] [75] and with decreased time to biochemical progression, 13, 16, 18, 19, 72 distant metastases 8, 19 and overall survival after radical prostatectomy. 18, 19, 67 Univariate analyses showed lymphovascular invasion to be a significant predictor of disease recurrence and/or progression following radical prostatectomy, 12, 15, 17, [72] [73] [74] [75] and multivariate analyses have confirmed that lymphovascular invasion is an independent predictor of disease recurrence, when controlling for other pathological variables known to influence clinical outcome. 13, 15, 16, [72] [73] [74] However, most studies on lymphovascular invasion included a substantial number of patients with lymph node metastasis and/or seminal vesicle invasion 12, 13, [16] [17] [18] [19] 71 and failed to stratify patients into clinicopathologically meaningful categories. 76 The strong negative impact of lymph node metastasis and seminal vesicle invasion on PSA recurrence, and the different risk of PSA failure between patients with organ confined disease (pT2N0) and those with pT3aN0 disease might have obscured the true impact of lymphovascular invasion on the outcome of patients with pT3aN0 tumors.
Recently, the incidence of lymphovascular invasion in prostate cancer patients with pT3aN0 disease was found to range between 28% and 35%. 13, 20 On univariate analysis, lymphovascular invasion was associated with a higher preoperative PSA and Gleason score in the prostatectomy specimen, but not with surgical margin status, biopsy Gleason score or clinical stage. In a multivariate analysis, preoperative PSA and lymphovascular invasion were identified as the only significant and independent predictors of PSA failure. When pT3aN0 prostate cancer patients were followed up without any treatment after radical prostatectomy, lymphovascular invasion was a significant and independent predictor of PSA failure and cancer progression. The 5-year PSA failure-free survival rate in patients with no lymphovascular invasion and PSA r10 ng/ml could be as high as 93.5%, suggesting that adjuvant therapy would not be indicated for this subset of patients. On the other hand, pT3aN0 patients with lymphovascular invasion had a poor prognosis, even when preoperative PSA was o10 ng/ml. In the study by May et al 15 on node-negative prostate cancer patients treated by radical prostatectomy, lymphovascular invasion and Gleason score were independent predictors of biochemical failure, by multivariate analysis. The 5-year biochemical-free survival was 87.3% and 38.3% for patients without and with evidence of lymphovascular invasion in the radical prostatectomy specimen, respectively (Po0.001).
Results of ISUP survey and consensus meeting on lymphovascular invasion
Half of the survey respondents considered tumor present only within endothelial-lined spaces in the muscular wall of the seminal vesicles as pT3b. However, 59% of the participants at the consensus conference reported the presence of tumor in a lymphatic space adjacent to a lymph node as a negative lymph node with a specific comment. There was consensus that lymphovascular invasion should be reported in the routine examination of radical prostatectomy specimens.
Invasion of Rectum, Urinary Bladder, External Sphincter, Levator Muscles and/or Pelvic Wall: pT4 pT4 prostate cancer is defined as direct invasion of rectum or gross invasion of urinary bladder, external sphincter, levator muscles and/or pelvic wall, with or without fixation. Although patients with large bulky masses involving these structures are not typically candidates for radical prostatectomy, it is possible to assign a pT4 category to a radical prostatectomy specimen in the uncommon case in which there is an accompanying biopsy with prostatic carcinoma in one of these sites. As noted above, microscopic invasion of the urinary bladder neck by prostatic carcinoma is considered to be pT3a disease.
The posteriorly located Denonvilliers' fascia constitutes an effective barrier for the spread of tumor into the rectum. 77 Rectal involvement is now a clinically rare, late event for prostate cancer and is usually associated with widespread metastatic disease. Involvement of the rectum by prostate cancer can produce symptoms and signs similar to those of colon cancer, such as constipation, rectal stenosis, abdominal pain, rectal bleeding and intermittent diarrhea. [78] [79] [80] [81] A possible prostatic origin for a colonic mass should be entertained when histological features such as the lack of an in situ component, an extrinsic pattern of involvement, microacinar or solid architecture and/or prominent nucleoli are noted, especially in the absence of nuclear pleomorphism and mitotic activity. 82 Large, bulky pT4 prostate cancers can directly invade the urinary bladder, and produce bladder neck obstruction and ureteral obstruction. Ureteral obstruction is present in 2-10% of patients with extensive local spread, and can cause symptoms related to renal failure and uremia. 78 Urinary bladder invasion by prostatic carcinoma can also occur via lymphovascular invasion, without contiguous spread. 83 Results of ISUP survey and consensus meeting on pT4 disease A consensus in the survey considered direct rectal involvement by prostatic carcinoma to be pT4; 4% of the respondents to the survey would not stage the tumor and 1% would classify rectal involvement as M1 (Table 1) .
At the consensus conference there was universal agreement, although this was not specifically voted upon, that a pT4 category be assigned to a radical prostatectomy specimen if an associated biopsy of urinary bladder (that is not microscopic invasion of bladder neck), rectum or pelvic side wall is positive. It was further stipulated that the prostate carcinoma should directly invade these structures, as assessed by clinical and/or radiological means.
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